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Many spiders have life-styles that involve a relatively close and prolonged association with 
another species; for example, between a specialist predator and its prey species, or a species 
may rely on another for cither protection from predators or providing a suitable place to live. 
In asymmetric relationships, where individuals of one species benefit at tbe expense of the 
other. each species may acl us a selection pressure on the other species. This can result in thc 
evolution of specific adaptations and counter-adaptations that are evident in at least three 
Kinds of inter-specific associations betwecn spiders. These associations, namcly klep- 
toparasitism, mimicry and mutualism are reviewed here. Our understanding of the evolution 
of these fascinating systems remains limited, despite numerous anecdotal accounts, because 
only a few studies are experimental. The purpose of this review is two-fold: to illustrate the 
use of comparative and experimental studies for understanding the evolutionary significance 
of these inter-specific relationships, and to highlight those gaps in our knowledge that might 
benefit from this approach.D/nier-specific ussociations, spiders, kleptoparasitism, mimicry, 
niulualism. 
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Individuals of one species can affect in- 
dividuals of another as a result of competition, 
predation, parasitism or mutualism, The evolu- 
tionary implications of any association between 
two or more species depends critically on the 
frequency and nature of the interaction. For ex- 
ample, a species may be the prey of many species 
of generalist predators. While these predators 
may represent an important selective pressure 
favouring anti-predator responses in the prey 
species, the adaptations of the prey may have 
little impact on the reproductive success of the 
predators. In contrast, a predator that preys on 
only one species can be an important selective 
force favouring anti-predator adaptations in that 
species. In tum, the prey species anti-predator 
adaptations can exert a selective pressure on the 
predator, favouring tmproved predatory abilities 
Thus, each species acts as a selection pressure on 
the other, favouring adaptations and counter- 
adaptations, perhaps leading to characteristics 
that are increasingly specific to the relationship. 
However, these improvements need not neccs- 
sarily change the relative position of each 
protagonist (Dawkins and Krebs, 1979). The 
evolution of these specific adaptations and 
counter-adaptations depends on both the frequen- 
cy of the interactions and the effects of cach 
protagonist. Host- parasite systems provide a rich 
seam of examples of such evolutionary processes 


(c.g. Endicr, 1986; Davies et al., 1989; Toft eral., 
1991), but there is ulso some evidence for similar 
processes in predator-prey systems (e.g Brodit 
and Brodie. 1991; Endler, 1991). 


INTER-SPECIFIC ASSOCIATIONS IN 
SPIDERS 


Research on the behaviour and ecology of 
spiders has, with a few notable exceptions, 
focussed on issues involving single species (e.g. 
Humphreys, 1988). including foraging behaviour 
(Reichert and Luczak, 1982; Vollrath. 1987a; 
Uetz, 1992), habitat choice (e.g. Reichert and 
Gillespie, 1986), intraspecific competition (e.g. 
Reichert, 1982), courtship and mating (c.g 
Robinson and Robinson, 1982; Elgar, 1992) and 
social behaviour (Buskirk, 1981; Elgar and 
Godfray, 1987; Uetz, 1988). Nevertheless, some 
spiders have relatively specific and prolonged 
relationships with other species. These relation- 
ships often involve predation or avoiding preda- 
tion, and perhaps a reason why inter-specific 
interactions involving spiders have been 
neglected is that spiders are frequently perceived 
as generalist predators; cursonal or wandering 
spiders attack any vulnerable prey that they can 
find, while web-building spiders simply capture 
any prey that is caught in their web. However, the 
view that spiders are gencralist predators is mis- 
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leading. Many spiders prey on only a few species 
using foraging techniques that include building 
specialised webs; producing chemical com- 
pounds that attract prey; utilising the webs or 
capturing capabilities of other spiders: mimick- 
ing prey behaviour; and c tive foraging (sce 
reviews in Stowe, 1986; Nentwig, 1987), Clearly, 
thc survival and reproductive success of both 
predator and prey will depend on their predatory 
and defensive behaviours, and the degree to 
which the predator depends on the prey as a 
source of food. Not all associations between 
spiders and other invertebrates are predator-prey 
relationships; some species depend on other 
spectes for protection from predators, or provid- 
ing suitable places to live, This review will focus 
on three interspecific relationships involving 
spiders: kleptoparasitism. mimicry and 
mutualism. 

A detailed understanding of the nature of these 
inler-specific associations will benefit from both 
experimental and comparative studies. The 
former can provide insight into both the fitness 
effects of the association on individuals of cach 
species, and the importance of particular species’ 
traits for maintaining the association. Compara- 
tive studies can provide further insight into the 
selection pressures responsible for the evolution 
of the association; reveal the implications of these 
associations for other aspects of the species life- 
history characteristics; and help formulate ideas 
that can be subsequently examined expenmental- 
ly (see Harvey and Pagel, 1992 for review). While 
emphasising the evolutionary dynamic nature of 
inter-specific associations, a centra] theme of this 
review is to illustrate the use of comparative and 
experimental studies for understanding these sys- 
tems, and also to highlight those gaps in our 
knowledge of arachnid inter-specific associations 
that might benefit from this evolutionary ap- 
proach. 


KLEPTOPARASITIC ASSOCIATIONS 


The webs of spiders are host to numerous in- 
sects, including flies, damselfies and wasps (see 
reviews in Vollrath, 1984, 19876; Nentwig and 
Heimer, 1987). Mast descriptions of these guests 
are anecdotal, and consequently the nature of the 
relationship is poorly understood, The webs of 
many spiders are also host to numerous other 
spiders that obtain food from prey caught in the 
host's web. These spider guests, commonly 
referred to as kleptoparasites, are represented in 
at least four families, including the Dictynidae, 
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Mysmenidae, Symphytognathidae and 
Theridiidae (Table 1). Of these spiders, the genus 
Argyredes (Theridtidae) is the best documented 
(see Vollrath, 1984, 1987b). 


EVIDENCE OF KLEPTOPARASITISM 

Argyrodes were originally described as com- 
mensals: Argyrodes benefit by feeding on the 
prey items that are caught in the host’s web, but 
the host is not disadvantaged hecause these prey 
items do nol form part of its diet (e.g. Belt. 1874). 
However, subsequent behavioural and ecalogical 
studies revealed that individual Argyrodes 
remove prey thàt might otherwise be consumed 
by the predator. These observations suggesi that 
the relationship between Argyrodes and their 
hosts is more accurately described as klep 
toparasitic rather than commensal (see Vollrath, 
1984, 1987b). 

In fact, Eleptoparasitism may also be an inap- 
propnate description. A kleptoparasitic relation- 
ship implies that one partner in the symbiosis 
benefits at the expense of the other, and that the 
kleptoparasite has certain characteristics that are 
adaptations to this lifestyle. Studies of several 
species associations leave little doubt that the 
latter contention is correct. Forexample, the sym- 
phytognathid Curimagua bayano inhabits the 
webs of a large mygalomorph Diplura, either 
climbing about the funnel web or remaining on 
the host (Vollrath, 1978). After a Diplura has 
caught, masticated and enveloped a prey item in 
digestive fluids, the kleptoparasite descends to 
the prey item and imbibes the liquidized prey. 
Interestingly, the anatomy of the mouth of C. 
bayano apparently prevents it from being able to 
capture, hold or masticate its own prey, suggest- 
me itis an obligate kleptoparasite (Vollrath, 
1978), 

Several behaviours of Argyrodes appear to be 
adaptations that are specifically related to their 
kleptoparasitic lifestyle. These spiders can move 
throughout the web, apparently undetected by the 
host, and the attempts of the kleptoparasites to 
obtain prey items may vary according to the 
behaviour of the host (Vollrath, 1984, 1987b). 
There are several mechanisms by which klep- 
toparasitic Argyrodes avoid detection or capture 
by the host: many species drop from the web 
when challenged by the host, A. antipodianus 
swings away from the web when the host is 
agitated (Whitehouse, 1986), and A. ululans cuts 
holes in the tangle web of its social spider host 
Anelosimus eximius, forming a tunnel that ap- 
parently facilitates escape (Cangialosi, 1991). 
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Surprisingly, the evidence that the presence of 
Argyrodes has a negative effect on the reproduc- 
tive success of the host has not been directly 
assessed. For example, there are no experimental 
evidence that the growth rate or fecundity of the 
host is reduced by the presence of Argyrodes (or 
any other genera of kleptoparasites). Instead, the 
negative impact of Argyrodes on its host has been 
inferred primarily from either the behaviour of 
the host eg Larcher and Wise, 1985), or from 
estimates of the energetic costs derived from the 
loss of prey items obtained by Argyrodes. For 
example, the number of prey items consumed by 
Nephila clavipes is reduced with increasing nurn- 
bers of Argyrodes on the web (Rypstra, 1981), 
and A. ululans removes around 26% of the prey 
items that are caught in the web of its host 
Anelosimus eximius (Cangialosi, 1990b). 
Vollrath (1981) examined the potential costs of 
Argyrodes by estimating the energetic require- 
ments of a single kleptoparasite. The daily energy 
requirements of the 3-4 mg A. elevaras is 0.82 J, 
about 0.5% of the daily requirements of its 975mg 
(Nephila clavipes) host. This proportion in- 
creases with larger numbers of kleptoparasites 
per web; over 40 individuals have been counted 
on a single Nephila web (although the average is 
2.2 kleptoparasites per web), suggesting a poten- 
ually high energetic cost of this relationship 
(Vollrath, 1981). 


If kleptoparasites exact a cost on host reproduc- 
tive success. then selection should favour any 
trait that enables the hosts to reduce that cost. 
There are several mechanisms by which hosts 
might reduce the cost of kleptoparasitism: 
recovering the prey from the kleptoparasite; 
reducing the kleptoparasites access to the prev; or 
simply abandoning the web and building another 
elsewhere. Interestingly, hosts appear to be inef- 
ficient at recovering prey (Vollrath, 19793, b; 
Rypstra, 1981) although several host species 
reduce access to their prey by chasing the klep- 
iwparasites (Cangialosi, 1990b) or concealing the 
prey in retreats (see Cangialosi, 1990b). Larcher 
and Wise (1985) demonstrated experimentally 
that hosts are more likely to abandon webs when 
Argyrodes arè present than absent. Nephila 
clavipes relocates ils web when it is infested with 
large numbers of Kleptoparasites (Rypstra, 1981), 
although the behaviour of N. clavipes may be a 
response to lower feeding rates, rather than to 
numbers of Kleptoparasites, 


Social or communal spiders appear to have 
fewer defensive options against high klep- 
toparasite loads, and this cost may be higher if the 
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number of kleptoparasites per web rs greater in 
larger colonies. For example, Nephila edulis 
builds webs in aggregations, and webs in ag- 
gregations have higher kleptoparasite loads and 
infestation rates than those found alone (Elgar, 
1989), Re-locating a web away from an aggrega- 
tion may reduce kleptoparasite load, but the host 
subsequently does not benefit from the foraging 
and predator defense advantages of living within 
an aggregation (e.g. see Uetz, 1988), Moving web 
sites to reduce kleptoparasile load may not be 
possible for some social spiders, such as 
Anelosimus that build substantial, permanent 
webs, Indeed, high kleptoparasite loads are ap 
parently responsible for the demise of some 
Anelosimas colonies (Cangialosi, 1990b) but not 
others (Vollrath, 1982). 


Like their hosts, individual kleptoparasites may 
also react to variation in prey capture rates. The 
feeding rates of kleptoparasites are likely to be 
influenced by both the prey capture rate of the 
host and the number of other kleptoparasites on 
the web. Host web capture rates may vary accord 
ing to both the location and the size of the web. 
The number of kleptoparasites increases with the 
web size of several host species (e.g, Elgar, 1989; 
Cangliosi, 19903), possibly because larger webs 
have higher web capture rates that can support 
more kleptoparasites, Web-building spiders relo- 
cate their wehs according to prey capture rates 
(e.g. Gillespie and Caraco, 1987), and Argyrodes 
may behave similarly by moving to different 
webs (but see Larcher and Wise, 1985). it would 
be interesting to establish experimentally 
whether the emigration rate of individual Ar- 
gyrodes increases as a result of lower web capture 
rates or increased numbers of conspecifics. If the 
latter, it as possible that the distribution of Ar 
gyrodes within a population of hosts, particularly 
those hosis that aggregate, could be predicted by 
the ideal free distribution (see Milinski and 
Parker, 1991), 


A possible option for kieptoparasites that ex- 
perience a low feeding rate is to capture and 
consume the host before moving to the web of 
another host (e.g. Tanaka, 1984). Some species 
of Argyrodes are either obligate or facultative 
predators of their hosts (see Table 1}, Predatury 
Argyrodes can capture the host through mimick- 
ing a prey item (e.g. Whitehouse, 1986) or simply 
advancing toward the host and attacking it. Such 
a specialised form of predation is not uncommon 
in spiders, and has been recorded in several 
families (c.g. Jackson, 1987; Jackson and Blest, 
1982; Jackson and Brassington, 1987; Jarman 
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TABLE 1: Spiders that are presumed to be . kleptoparssites of weh-building spiders. Families: Ag, Agelenidae; 
Am, Amaurobiidae; Ap, Aphantochilidae; Ar, Araneidae; Cl, Clubionidae: Co, Corinnidae; De, Deinopidae: 
Di, Dipluridae; Er, Eresidae; Gn, Gnaphosidae; Lin, Linyphiidae; Lio, Liocranidae; Ph, Pholcidae; Pro, 
Prodidomidae; Sa, Salticidae; Td, Theridiidae; Tm, Thomisidae; Ul, Uloboridae; Zo, Zodariidae. Agg, Ag- 
gregates; Soc, Social; Sol, Solitary. Web types: O, orb; T, tangle; S, sheet; F, funnel, Sp, space.Body sizes in 


mm. 


Host Guests | Assoc 


[s [e |Famity [species [Size [web [Socian [P&T "eè 


c-— I TOI e 
Heieropodidue 


lotiasdiana — | | [hm [Badumnaconaida — | Jr  |se [o [k [jaksona | 
O. spindet, | | Tam [Guonmacandida — | — |T (See ho [k aackson (i957) | 


O. lamarcki | | {er [seegortptuesorasinoran | [tT [so [t — |K __ [Jackson (1987) 


aee | | fer [neis | | [see [e Jk liciootioen — 
ctootmema T_T {pi Jatometewren {| {Fr fn | e Tieni 
ce rb EC | fe | | — ]|k leweerataoon. | 
Mysmenopsivarcheri | — | — |Ph | punt ee a Ae ast 
M. capue = e die e Eum ni 
brosse — | — | | | — 5  .] | | | dik |coyeesatto» | 
Mace LL ee {fo | {te Bent — 
mm | [| foi ipa — 1| ls |] | | [venosa — 
fat furva Jis | {bi liscomotteterra | — |r [sø |i Tk  [Coyeerot (1991) 
ite T_T [pi oma PsP [volcom — 
hae — — | | i | —— . l1 ] [| {lx leeeeetason | 
o eem oe loi fot | GS | E nn tL. 


M. pachucutec mibi. ure — ew] Aia Coyle er al. (1991) 
M. palpalis ss sea Coyle et al. (1991) 
lobes Tdi celo ]l |. LL. ]& f= 
[bt.sp.inde. — | | — |Di — [fschmothele reggae | | | | lx jeteatasen 
Oenepspukher |20 [15 Jam |Amaurobinsfenesrralis [8 [tT | | [k _[ Bristowe (1958) 
Badumna candida [Tr [se | [xp [Sackson (1985) 


‘ymphytognathidae 
__|Diptura sp. 40 [5 IK | Votirsth (1978) 


KI) 
Argyrodes 
antipodianus Cambridgea sp. 


Kleptoparasitic taxa Source 


Dictynidae 


Archaeodicryna nlova 


Sot Whitehouse (1988a) 


eae monet 


| [sp lsa | L— jn fui 


—.—- | {xp [Whitehouse (19883) 


Whitehouse (19883) 


A. antipodianus Stiphidion 


A. antipodianus Badunina longinquus 


untipodianus 


A. = 
A. antipodianus A Ar Eriophora pusinlosa 
A. antipedianus | KP Whitehouse (19884 
A. anii, Gratus BE a ae Sol KP  |Whitehonsc (19883) 
anime TR gigs | [m imr] (RO im 
iei [Ju Achaearanea m — ka — e oN 
Cyrtophara hirta m lo fsa | x Elgar er al, (1983) 
[Aamipodianus — |30 |25 Jar [nephitaeduts n |o fag | |k [Earns 


Araneus crassa 


A. atopus 


A. attenuatus 
A. baboquinari 


A. babaquivari 
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Body size DES Guests | Assoc 

Kleptoparasitic taxa Bowys Source 

ame aie 

ra a Cyrtophora citricola Vollrath (1984) 
Nephila clavipes Vollrath (1987) 
Eberhard (1979a) 
37 Latrodectus Tous & Levi 
X Philapanella aweni ope i Smith Trail (1980) 
3.2 3.8 Ag Agelenopsis Led) cal 


A. cancellatus 


A. cancellatus 


A. cancellatus 


Exline & Levi 
(1962) 


Exline & Levi 
(1962) 


A. cancellatus 


A. cancellatus 


A, cancellatus 


A. cancellatus 


A. cancellatus 


Exline & Levi 
(1962) 


Exline & Levi 
(1962) 


Exline & Levi 
(1962) 


A. cancellatus 


A. caudatus 


A. cochleafarma 


A. cachleaforma 
A. calubrinus 
A. cardillera 


A. cylindratus 


K 


Ar 


Gasteracantha 


[Ar — Arameusvenricasus — | — |O |so | 


o K 
a e EN Sa UEM 


K 


K 
|. [k | Smith Trait (1980) | 


Exline & Levi 
(1962) 


Exline & Levi 
(1962) 


Exline & Levi 
1962) 


Exline & Levi 
1962 


Exline & Levi 
(1962) 


Exline & Levi 
(1962) 


Eberhard (1986) 


Exline & Levi 
(1962) 


Shinkai (1988) 


Vollrath (1987) 


A. fictilium 


oo I TI 


lg | xP | 


a 962) 


A. dracus 2.3 2.6 Ar Nephila clavipes zo e ide 

A. elevatus 34 Melo Ls km — Vollrath (1979) 
Exline & Levi 

A. elevatus 3.4 Gasteracantha (1962) 

A. elevatus 3.4 Nephila clavipes Vollrath (1979 

A. fictilium 10.0 Exime & Levi 


rename cm 


Smith Trail u20 


A. fictiliun 10.0 Philopanella oweni 

A, fissifrans 7.0 Ag Agelena limbata Tanaka (1984) 

A. fissifrons 7.0 Lin Linyphia Mete lan a E Tanaka (1984) 

A. fissifrans 7.0 Td  Theridionjapanicum — | |r | | |kP_ | Tanaka (1984) 

A. fissifrons 7.0 Ul Philapanella sp. 3 Elgar (pers obs) 
A. fissifrans UI Uloborus varians | lo (ed ë ]xe-j Tanaka (1984) 

A. flagellum |. | none | | |. | [| — [ [Eemo 
A. globasus 2:3 2.3 Nephila clavipes Age K 1963) & Levi 

A. incisifrons Cvrtaphara hirta Sol K Elgar et al. (1983) 


Table 1. continued 


D 
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Table 1. continued 


a a Social | Per web 
nme fo fon ee | |] al 


A. miniaceus Ar Nephila maculoto o Ronn on a 973) 


K Exline & Levi 


A. nephilae 17 Argiope (1962) 


A. nephilae 17 ace | (1987) 


creme fo PT [eee] 
A, nephiloe 1.7 a 


Nephila 


A. pluto 3.9 Metepeiro lobyrinthea INN (963 & Levi 


A. proboscifo 2.6 29 Ar Gasteracantho O Exline & Levi 
(1962) 
[e] 


A. projiciens 4.0 Metazygia sp. Sol KP 
A. sp. A Ln ss —— 25 lo [Age 2 K stra (1981) 

[Cyrtophora moluccensis |19 |o ^ |Agg KP 
kee | | [Ar koemme | o | | — vamos | 
A. subdolus 26 [Philoponellaowemi — |6 Jo fas 
A. trigonum 42 [Ag [Ageena linn — fie |e [age | {KP —|uereral (1985) _ 
A. trigonuni 4.2 25 


| | | | KP [Wise (1982) 


Agelenopsis 


Mecynogeo leniniscato 


A. trigonum 42 Metepeira lobyrintlieo o ER & Wise 
A. trigonum 42 Linyphia marginata 5 S 1952 & Levi 


A. trigonum 42 Lin Neriene radiota Sol KP ta & Wise 
Sol Exline & Levi 
(1962) 
KP Exline & Levi 


Latrodectus 
———— 


A. trigonum 4.2 


A. trigonum 


(1962) 
KP Suter et al, (1989) 


25 |o  |Agg K "Em & Levi 
Soc k | Cangialosi (1990a) 
Exline & Levi 
(1962) 


" Two categories of relationship (‘Assoc’) are defined: ‘K’ is Kleptoparasite only, and ‘KP’ means that the guest 
may also eapture the host. Some speeies of Argyrodes may be incorrectly eategorised as 'Kleptoparasite only 
, because their predatory behaviour has not yet been observed. 

* Taxonomy of Argyrodes follows Levi and Exline (1962) and thus Argyrodes, Ariamnes and Rhomphaea are 
not distinguished. 


A. trigonuni 


A. ululons 


A. weyrauchi 
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se zem 


parasite 
Canne 


«m i6) 


3104 (5) ia | 
[Dimm (479) [05 a) o 0.820. id (5) 
[215426 [6720819 [sare | 


TABLE 2: Differences in kleptoparasite and host body 

length according to whether the kleptoparasite does 
+o" does not also prey on their host. 
! values are mean lengths + SE (sample sizes), Values 
compared using I-test with pooled variance. Average 
host body size measures were obtained for Argvrodes 
that have multiple hosts. * p < 0,05; ** p «0.005, 


and Jackson, 1986; Jackson and Hallas, 1990), A 
potential cost of this foraging strategy is that the 
kleptoparasite may become prey to the host. At 
least one host species has a relatively effective 
defensive behaviour: when the predatory Ar- 
gvrodes is detected. the host simply cuts the web 
thereby collapsing it and ensuring that the 
predator cannot proceed further (e.g. Eberhard, 
1979b), Suter et al. (1989) report that female F. 
pyramitela can discriminate between conspecific 
males, prey items and predatory A. Irigonum, 
apparently using chemical cues, and respond ac- 
cordingly. 


COMPARATIVE PATTERNS WITHIN ARGYROUES 

What evolutionary sequences are responsible 
for the diversity of predatory specialisations in 
Argyrodes? Smith Trail (1980) stresses the im- 
portance of the kleptoparasites' ability to identify 
the vibratory signals generated by the host, thus 
allowing them to stalk and safely capture the host. 
However, kleptoparasites that also attempt to 
capture their hosts risk being captured themsel- 
ves. Consequently they may be more likely to 
attempt to capture vulnerable hosts, such as those 
that are smaller (c.g. Smith Trai], 1980; Larcher 
and Wise, 1985), moulting (c.g. Vollrath, 1984), 
of even the spiderlings of the host (e.g. 
Whitehouse, 1986). 

It relative body size1s important in determining 
the outcome of attacking the host, then predatory 
species of Argyrodes may be larger than primarily 
kleptoparasitic species, or the former may tend to 
specialise on smaller hosts. These predictions are 
supported by comparative data of body length 
measures for 20 species of Argyrodes (see Tahle 
1). Species of Argyrodes were divided into two 
groups, according to whether they preyed on their 
hosts: females of Argyrodes that are only klep- 
toparasitic ate significantly smaller than those 
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that also prey on their hosts (Table 2). However. 
males of these two groups of species are not 
significantly different in body size (Table 2). 

Argyrodes that prey on their hosts also specialise 
on smaller hosts, compared with the size of the 
hosts of those species of Argyrodes that are only 
kleptoparasites (Table 2). These comparative 
data show that, as predicted, the difference in size 
between Argyrodes and its host is greater for 
those species that are primarily kleptoparasitic 
compared with those that are also predatory. 

These comparative data suggest that selection has 
either favoured larger body size for species that 
are both kleptoparasitic and prev on their hosts, 
or it has favoured a further reduction in body size 
in those species that are primarily kleptoparasitic. 
The hitler argument is consistent with the view 
that kleptoparasitism is a specialised foraging 
strategy that evolved from a more general klep- 
toparasitic and predatory lifestyle (Vollrath, 
1984), 


The evolutionary sequence leading to the diver- 
gence of these two foraging strategies within 
Argyrodes is not known; one may have evolved 
from the other, or both may have diverged from 
a common web-building ancestor (see 
Whitehouse, 1986). Thus, it is not possible, 
without an accurate phylogeny, to establish 
whether selection has favoured an increase in 
body size with the predatory hfestyle, or a 
decrease in body size is associated with a klop- 
toparasitic lifestyle. Indeed, the species placed 
within the single genus Argyrodes by Exline and 
Levi (1962) have been placed by others into three 
genera; the Ariamnes, the Rhomphaea, and the 
Argyrodes, In this classification, the Ariamnes 
and Rhomphaea groups arc primarily host- 
predators and the Argyrodes group are klep- 
toparasites (Whitehouse, 1987). Thus, the 
differences described above may be confounded 
by taxonomic associations (see below). Resolv- 
ing some of these issues is most likely achieved 
by experimental manipulation of individuals 
within à species that shows both kleptoparasitic 
and predatory behaviour. 


An additional pattern revealed by comparative 
analysis also deserves experimental invesliga- 
tion. The degree of sexual size dimorphism (malc 
length/female length) covaries significantly with 
the foraging strategies of Argyrodes. Males are 
smaller than females in those species that prey on 
their host. consistent with pattems of size dimor- 
phism in almost all other spiders (e.g. Elgar et al., 
1990; Elgar, 1991, 1992; Vollrath and Parker, 
1992). However, males of those species of Ar- 
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fHosttaxa | Kleptoparasite* | Biology | 


Agelenidae 
Argyrodes (4) ke | 


Simaetho, 
Argyrodes 


Agelena (2), Agelenopsis, 
Cambridgea, Stiphidion 


Amaurobiidae 


Badumna (2) 


Amourobius Oonops 


Araneidae 


Aroneus (5), Argiope (4), Cycloso, 
Cyrtophoro (2), Gosteracantho, 
Leucauge, Mecynogeo, Metozygio, 
Metepeira, Neoscona, Nephilo (3), 
Verrucoso 


Cyrtophora 


Dipluridae 
Allothele 


Diplura, Ischnothele 


Phnlcidae 
| Phokus —  [Mprodeso [KK | 


Theridiidae 
Achoeoroneo, Theridion (3), 
Anelosimus, Latrodectus Argyrodes (7) 
Uebeidae — 0 | | 
Uloborus, Philoponella Argyrodes (4) 
TABLE 3: Summary of taxonomic distribution of 
spiders that are host of kleptoparasites (see Table 1 
for further details). KP= Kleptoparasites and 


predators; K=kleptoparasites. * No. species in each 
genus in parentheses. 


gyrodes that are primarily kleptoparasitic are 
generally larger than their conspecific females 
(see Table 2). What factors are responsible for 
this reversal of size dimorphism patterns within 
this group of spiders? One explanation is that 
competition between males for access to females 
may be more intense for kleptoparasitic spiders, 
and consequently sexual selection has favoured 
large male size in these species (see also 
Whitehouse, 1988b). 


There is considerable variation in both the num- 
ber of species that are host to each species of 
kleptoparasite and the number of kleptoparasite 
species found on each web-building host species 
(see also Vollrath, 1984, 1987b). For example, 
Argyrodes cancellatus are found on the webs of 
at least ten different host species from five 
families (see Table 3), while the orb-weaver 
Nephila clavipes is host to at least seven species 
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I——— Kleptoparasite | Kleptoparasite 


t statistic 


eae OI 
16203]  28:x07| 189 
7207) 351. : 


TABLE 4: Mean host-ranges of Argyrodes that are 
either only primarily kleptoparasitic or they also prey 
on their host.* refers to Argyrodes. 


of Argyrodes. It is likely that both host-range and 
parasite-range will expand as more records be- 
come available. In contrast, many species appear 
to be host specific, with one species of klep- 
toparasite recorded from the web of only one 
species of host. For example, in certain Peruvian 
habitats, Argyrodes ululans is found only on the 
webs of the social spider Anelosimus eximius, 
despite considerable effort searching for this 
kleptoparasite on other potential hosts (Can- 
gialosi, 19902). 


Vollrath (1984) argued that Argyrodes can be 
placed in two general categories; specialists that 
are host specific but behaviourally versatile, and 
generalists that invade the webs of many different 
species but use relatively few techniques to ob- 
tain food. Thus, Whitehouse (19882) considers 
Argyrodes antipodianus a specialist, primarily 
because its behaviour is versatile, and adults are 
found primarily on the webs of Eriophora pus- 
tulosa. Dichotomies like these can be misleading 
because both host-specificity and behavioural 
versatility are most likely continuous rather than 
discrete variables; A. antipodianusis found on the 
webs of several other hosts (Table 1). Further- 
more, host-specificity may also vary between 
populations, depending on the diversity and 
abundance of potential hosts in different popula- 
tions. For example, A. antipodianus in 
Whitehouse's (1988a) study may be found 
primarily on Eriophora pustulosa because that is 
the most common host in her New Zealand 
population. 


The host range of Argyrodes may vary accord- 
ing to whether the species is both kleptoparasitic 
and predatory or whether it is only klep- 
toparasitic. Purely kleptoparasitic Argyrodes 
may escape host-detection through specialised 
behaviours, but these behaviours may be effec- 
tive for relatively few host species. If so, the host 
ranges of primarily kleptoparasitic Argyrodes 
may be less than for species of Argyrodes that are 
also predatory. The comparative data provide 
little support for this prediction (Table 4); al- 


INTER-SPECIFIC ASSOCIATIONS 


though the host-range of primarily klep- 
toparasitie species is less than the range of 
predatory species, the difference is not statistical- 
ly significant. 

‘The results of these inter-specific comparative 
analyses within the genus Argyrodes should be 
jnlerpreted cautiously. These patterns may be 
confounded by an association between foraging 
strategy and taxonomic affinity, and thus the dif- 
ferences in body size or host range may be due to 
other, unknown features that differ between these 
two groups. This possibility is especially relevant 
given the ambiguity of the taxonomic arrange- 
ment of this genus. Furthermore, some species of 
Argyrodes may be incorrectly assigned to 
primarily kleptoparasite status simply through 
lack of observations. Thus, the patterns may 
change when more data and/or a more accurate 
phylogeny become available. Nevertheless, the 
patterns suggest several interesting questions that 
could be resolved by an experimental approach. 


Hos Specincrry OF KLEPTOPARASITES 

Both Argyrodes and Mysmenopsis belong to 
web-building families and thus are relatively 
close phylogenetically (Coddington and Levi, 
1991). However, the range and taxonomic af- 
finities of their hosts are substantially different 
(Table 1). Argyrades have been recorded on the 
webs of 29 host genera from eight families 
(Agelenidae, Amaurobiidae, Araneidae, 
Linyphiidae, Pholcidae, Psechridae, Theridiidae, 
Uloboridae), and some species have many hosts 
(see above). In contrast, 11 of the 14 species of 
Mysmenopsis are found on diplurid hosts, with 
the remaining species found on Cyrtophora 
(Araneidae) and Pholcus (Pholcidae). A com- 
parative analysis reveals a significant difference: 
every species of Mysmenopsis has only one host 
species, while the host range for Argyrodes 1s 2.7 
(+0.7, n=18) species, or 1.6 (+0.3) host 
families. 

Why is Mysmenopsis more host-specific than 
Argyrodes? There are several possible explana- 
tions. First, Kleptoparasitism may have evolved 
more recently in Mysmenopsis than in Argyrodes, 
and therefore the former kleptoparasite has had 
less time to expand its host range. Second, the 
present associations between Mysmenopsis and 
diplurids may have evolved from a common an- 
eestor and subsequently speciated as host/klep- 
toparasite pairs. Consistent with this is Coyle and 
Meigs (1989) description of two sister species of 
kleptoparasites (Mysmenopsis monticola and M. 
furtiva) that live on the webs of a pair of un- 
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described allopatric Ischnothele morphs that also 
appear to be sister species. Third, diplurids may 
be more sensitive to web invaders than the hosts 
of Argyrodes. and thus the kleptoparasitic be- 
haviours required to avoid detection by one host 
species are not appropriate for another, In this 
regard, it is noteworthy that Argyrodes are not 
known to invade diplund webs, despite the broad 
taxonomic range of their hosts. 

The relatively permanent nature of the host's 
web is a common characteristic of the hosts of all 
kleptoparasites (Table 1). Kleptoparasites that 
live on permanent webs may benefit by spending 
less time searching for new webs compared with 
those that are associated with hosts that frequent- 
ly move their webs. However, it may not be the 
permanent structure of the web that is important. 
bul rather the tenacity of the web site. For ex- 
ampie, the large, nocturnal, Australian orb- 
weaver Eriophora transmarina builds a new web 
every evening and then destroys it the following 
dawn. Despite the temporary nature of its web, 
this spider is also host to many individual Ar- 
gyrodes, probably because it has a high web-site 
tenacity (M. Herberstein, unpublished data). 


MIMICRY BY SPIDERS 


Many species of animals, including spiders, 
resemble other, unrelated species, These 
resemblances may be visual, chemical, be- 
havioural or acoustic and are usually referred to 
as mimicry. There are many different types of 
mimicry, which has precipitated some controver- 
sy over its definition (e.g. Endler, 1981: Pasteur. 
1982). Two general forms of mimicry are distin- 
guished in this review: defensive mimicry and 
aggressive mimicry. In the former, the minietic 
form is presumed to have evolved because the 
risk of predation (or parasitism) on the mimic 1s 
reduced as a result of its resemblance to the 
model, The lower mortality occurs because the 
receiver (the predator) does not usually prey on 
the model, and fails to distinguish between it and 
the mimic. Aggressive mimics resemble some 
feature of their prey species, thereby increasing 
the chance of capturing the prey model. Both 
forms of mimicry occur in several families of 
spiders, 

The relationship between mimic, model and 
receiver is asymmetric; only the mimic benefits 
and any improvement in the mimic will be 
favoured rapidly by natural selection. Both the 
model and the receiver may lose, in defensive 
mimicry, through increased attack rate and lost 
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Spider taxon 
[Fam |Subfamil 


Castianeira dubitun Pachycondyla ebscuricornis_| Reiskind (1977) 

[Co [Ponerinae | Ectatomma ruidum __ [Reiskiad(1970) 
Co | Formicinae Olivera (1988) 
ium bifasci Co 


| Myrmicinac Oliveira (1988) 


Pachycondyla villosa Oliveira (1988) 


Acunthoriyrmex niger Bristowe (1988) 


ONLY Myrmarachne elonguta S 


Mimicry [Mariella furva (Sa Formicinae |Componotas 
P: 


Myrmicinae Aphaenogaster beccurii 
Formica fusca 
Formicinac Lasius niger 


seudomyrmecinac | Tetrapanera anthrucina 


= 
3 


ingston (1927) 


x 
pal 
E 
& 
2 
fs 
jen 
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Formica fusca Bristowe (19411 
Camponotus brevis Reiskind (1977) 
fastigatus Reiskind (1977) 
Edmunds (1978) 


to 
a. 
a 
vi 
2 
= 
^ 
~ 
= 
$ 
d 
= 
icd 


a 
Formicinae Oecoplivlla longinoda Edmunds (1978) 
Sa 


Myrmarachne formicaria Formica rufa Bristowe (1941) 


Campouctus acvupimensis — | Edmunds (1978 


Polyrhachis Juckson (1986) 
Pachysendyla carinulata Reiskind (1977) 


a 
supe o | Ponerinae 
Myrmarachne parallela Puchycondyla striatinodis — | Reiskind (1977) 


Myrmarachne plataleoides Oecophylla smaragdina Mathew (19541 
Myrmarachne sp. Sa Palyrhachis simplex Hingsion (1927) 
Myrmarucluie sp. Hingston (1927) 


uu 


x iz 


Sarinda linda Campanotus planams Jackson & Drummond (1974) 


Myrmarachne s Pheidale indica Hingston (1927) 
Synayeles occidentalis Sa Lasius alienus Cutler (1991) 


Syvnageles occidentalis Fonnicinae Culler (1991) 


Syuageles venator [Ss | Formicinae 


Engelhardi (1970) 


Synemosyna sp, Psendumyrmecinae | Pseudomyrmex mexicanus — | Reiskind (1977) 
Synemosyna americana {Sa Psendomyrmecinae | Fseudomyrmes boopis Reiskind (1977) 


Synemosyna aurantiaca 


Synemosyna smithi 


n |= 


Synemosyna smithi 


Zuniga laeia Su Fonnicinse 
Zunigo magna Ponerinae 


Anatea fornicaria Myrmicinae — 


| Dipoena Td Myrmicinae 


i Pseudomyrmex Oliveira (1528) 
Pseudomyrmecinae Myers and Sali (1926) 
à Myers and Salt (1926) 


Camponotus femoratus Oliveira (1988) 


Pochvcondyla villosa Oliveira (1983) 


Reiskind and Levi (1967) 


Pheidole indica Hingston (1927) 


TABLE 5 (part). Taxonomic distribution of spiders that mimic ants, including those that also prey on the model. 
spiders observed with dead ants.Family abbreviations given in Table 1. 


food respectively (sec Endler, 1991), and natural 
selection will favour models that have less 
resemblance to the mimic (although the strength 
of this selection will depend on the frequency 
with which the model is attacked). The degree of 
resemblance between model and mimic that cvol- 


and the costs of mimicry to the model. The costs 
to the model in aggressive mimicry are more 
complicated, and depend upon whether the model 
and the receiver (in this case, the potential prey) 
is the same individual. 
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Castianeira sp. icl 


7 
Cosmophasis sp. 1 ISa | 


Cosmophasis sp. 2" 


Myrmarachne sp. 
ANT MIMIC 
AND 

PREDATOR 


Formicinae 
mne inae 


Tutelina similis ^ 
Not identified 


Anyciaed forticeps 
Tm 


Bucrantum icmae 


Table 5. continued 


Visual MIMICRY: SPIDERS OF ANTS 


Spiders that resemble ants are an especially 
intriguing form of mimicry that is poorly under- 
stood. Many of these spiders not only have an 
extraordinary physical resemblence with their ant 
models, but also exhibit particular behaviours 
that improves the illusion remarkably, Ant- 
mimics, represented in at least six families of 
spiders and mimicking the four major subfamilies 
of ants (Table 5), fall into two calegories: those 
that appear to have little behavioural interaction 
with the ants and generally avoid contact with 
them; and those spiders that specialise on captur- 
ing and eating their ant models, There are no clear 
taxonomie affiliations between the species of 
spider mimics and the species of ant models: 
ponerine, myrmecine and formicine ants are 
models for both clubionid, salticid and other 
spiders. Nevertheless. certain species of ants ap- 
pear to be models for spiders more frequently 
than others. For example, seven species of Cam- 
ponotus are models to spider mimics and one 
species, C. femeratus, is a model for two corin- 
nids (Myrmecium) and the salticid Zuniga; five 
species of the ponerine genus Pachycondyla are 
models for five different spiders, and the weaver 
ant Oecophylla smaragdina is a model for three 
species from Australia and India. It is not obvious 
why spiders mimic these genera of ants more 
frequently than others. 


Some species of spiders mimic more than one 
species of ant. For example, the clubionid Cas- 
tianeira rica resembles species of both ponerine 
ind myrmicine ants and the different mimetic 
forms depend upon developmental changes, 
colour variation in adult females, and sexual 
dimorphism (Reiskind, 1970). Male C. rica 
resemble Atta and Odontomachus, while females 


Hingston (1927) 


[Ss [Formicinae | Camponotus fulvopilasus 
Hin ston (1927) 


Amyeiaed albomaculata Oecophylla smaragdina Cooper et al. (1990) 
[Tm [Formicinae | Decophylla smaragdine Hingston (1927): Mathew (1954) 


M 
Aphomochilus rogersi Zacryproceras pusillus 
Habronestex bradleyi Dolichoderinae R. Allan (pers. comm.) 
[Zodarion |Z [Myrmicinae  |Messorburburu _ |iingstont1927) 


Species 


Camponotus detritus | Curtis L988) 


Cunis (1988) 


Camponotus 1983 


Oerophylla smarapdina c tet al: (1990) 


Cephalotes (= Cryptocerus) | Bristowe (1941) 


Oliveira and Sazima (1984) 


resemble moderately large ponerines that ur: 
within the spiders’ colour range. Furthermore, 
different instars of these spiders mimic ant 
models of equivalent size; thus the small, black 
early instars mimic small myrmicine ants, while 
the older instars resemble medium sized attine 
ants. Such a close degree of resemblance at dif- 
ferent stages in the spiders’ development sug- 
gests that the selection pressure favouring 
mimicry is very strong. 


Ant mimicry can provide at least three benefits, 
depending upon whether the spiders prey on their 
ant models. These benefits include protection 
from various predators, improved predatory suc- 
cess on the ant prey, and both, Ant-mimics that 
apparently do not prey on their models are mostly 
salticids, corinnids and a few gnaphosids (Table 
5). Mimics that prey on their models are mostly 
represented by thomisids and zodarids, although 
there are also a few records of theridiids, corin- 
nids and salticids (Table 5), The record for the 
salticid species Myrmarachne (Hingston, 1927) 
is unusual and unlikely to be typical because other 
species of this large, ant-mimicking genus do not 
routinely prey on their model ants (e.g. Edmunds, 
1978). Only a few genera of salticids are clearly 
regular ant-predators (e.g. Jackson and van OH- 
phen, 1991, 1992), The theridiid Dipoena 
resembles the de-capitated head of a dead ant 
which are found in the refuse heap of the ant nest, 
Hingston (1927) suggests that mimicry in this 
species is aggressive because it allows the spider 
to live in the nestofthe ants on whom it may prey. 
However, predation on these ant hosts by 
Dipoena was not observed. 


Perhaps the most vexing question concerning 
defensive ant mimicry bv spiders is establishing 
the identity of ihe receiver (i.e. the predator or 
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Deinopis longipes 
Chrysilla lauta 
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Speci Subfamil [specie | SONE 
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[De _[notspeciied | 1°’ Robinson &Robimon(I97)) — | 
[Sa ^ [notspeciiei | | Jackson & van Olphen (1992) 

Lasius sp., Prenolepis sp. Cutler (1980) 

Ponera pennsylvanica Cutler (1980) 


Jackson & van Olphen (1992) 
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"opis colifornica Componotus Porter & Easimond (1982) 

Euryopis coki Pogononiyrmex Porter & Eastmond (1982) 
Td Formicinae Componotus costaneus Carico (1978) 

Latrodectus hesperus Td Myrmicinae Pogonomyrmex rugosus MacKay (1982) 
Latrodectus pollidus Td Myrmicinae MacKay (1982) 
Steotodo fulvo Td Myrmicinae Hülldobler (1971) 
Achoearoneo sp. Td Formicinac Oecophyllo smarogdino Cullen (1991) 
Soccodomus formivorous Tm Dolichoderinae | Iridomyrmex McKeown (1952) 
Strophius nigricons 
Zodorion frenatum Cataglyphis bicolor Harkness (1976) 


[sa | 
sa 
[sa [notspecifiea | Jackson & van Olphen (1992) | 
[sa — | 
[Sa | 


Jackson & van Olphen (1991) 
Jackson & van Olphen (1992) 
Edwards et ol. (1975) 


TABLE 6: Spiders that specialise on ant prey but are not ant-mimics.Family abbreviations given with Table 1. 


parasitoid). Despite widespread reports and 
descriptions of ant-mimicry by spiders, few 
studies have addressed this question quantitative- 
ly. The visual nature of ant-mimicry suggests that 
the spiders are gaining protection from visual 
enemies, including birds (e.g. Belt, 1874; Engel- 
hardt, 1970), wasps (e.g. Edmunds, 1993) and 
other spiders (e.g. Cutler, 1991). Itis unlikely that 
the visual resemblance to ants provides the spider 
mimics with protection from either their ant 
models or other species of ants, because ants 


necessarily visual mimics. 

Most of the diet of many spiders are other 
spiders (e.g. Bristowe, 1941, 1958; Reichert and 
Luczak, 1982; Nentwig, 1987). In contrast, ants 
are not a common prey item for most spiders, 
although a few spiders are specialist predators of 
ants (see Table 6). Thus, ant mimicry may pro- 
vide some degrec of protection from other 
spiders. Experimental evidence of this possibility 
is provided by Cutler (1991), who examined 
whether ant-mimicry in the salticid Synageles 
occidentalis, a mimic of the ant Myrmica 
americana, reduces the risk of predation by two 


other spiders Tibellus (Philodromidae) and 
Phidippus (Salticidae). These spiders do not feed 
on the ant M. americana, but more importantly 
they were less likely to attempt to capture the 
mimic S. occidentalis than immature Phidippus 
(that are not ant mimics). 

Spiders are also prey to a variety of other inver- 
tebrates, especially pompilid and sphecid wasps 
(e.g. Coville, 1987), and acrocerid dipterans (e.g. 
Schlinger, 1987). These parasitoids are primarily 
visual hunters and many myrmecophilous 
arthropods gain protection against these enemies 
by associating with ants (e.g. Hólldobler and Wil- 
son, 1990). Thus, ant-mimicry may reduce the 
risk of predation by sphecid and pompilid wasps. 
Edmunds (1993) provides qualitative data sug- 
gesting that ant-mimics Myrmarachne are less 
likely to be taken by the predatory wasp Pison 
xanthopus than might be expected if this wasp 
was indiscriminate in its choice of prey. Finally, 
it is interesting to note that no species of lycosid 
have been reported as ant-mimics (see Table 5), 
perhaps because these spiders are generally noc- 
turnal foragers and are also seldom victim to 
sphecid wasps (see Coville, 1987). 


BEHAVIOURAL MiMICRY: COURTSHIP VIBRATIONS 


Some spiders are renowned for preying ex- 
clusively on other spiders. Notable among these 
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TABLE 7: Spiders that have been found within or adjacent to the nests of ants, Family abbreviations given wilh 


Table 1. 


are the mimetid or pirate spiders that invade the 
webs and attack the owners of other species of 
spiders (e.g. Bristowe, 1941), Many of these 
spiders are aggressive mimics. For example, the 
mimetid pirate spiders Mimerus and Ero wait at 
the periphery of the web of the social spider 
Anelosimus studiosus (Brach. 1977). The 
mimetids then pluck on the web thereby attract- 
ing a host spider that is then captured and eaten. 

The salticid Portia is also well known for its 
ability to mimic the struggles of prey ensnared in 
the web of other spiders. The investigating host 
is then captured by Portia (Jackson and Hallas, 
1990). 

Some species of Portia also mimic the male 
courtship behaviour of their prey species; a be- 
haviour that increases their chances of capturing 
the unsuspecting female (Jackson and Hallas, 
1986). If prey populations suffer high frequencies 
of this form of mimicry, then Portia may act as a 
selection pressure favouring improved dis- 
criminatory abilities in the prey, thereby estab- 
lishing an an evolutionarily dynamic *arms race' 
(sensu Dawkins and Krebs, 1979). Evidence of 
this form of frequency dependent selection is 
provided by Jackson and Wilcox (1990, 1993), in 
their study of the predatory-prey relationship be- 
tween two Australian salticids, Portia fimbriata 
and Euryaltus sp. 


Euryattus females live in a nest comprising a 
rolled-up leaf, suspended from rock ledges and 
tree trunks by silk guylines. Portia fimbriata is a 
versatile predator of many salticids and in a 
Queensland population, it preys on female 
Euryattus sp. using vibratory displays that ap- 
parently mimic the courtship behaviour of 
Eurvattus males. This behaviour lures Euryattus 
females From their nest. and they are sub- 
sequently attacked by P. fimbriata. This 


specialised form of predation by P. fimbriata may 
be responsible for the improved ability of Euryat- 
(us to recognise and defend itself from P. 
fimbriata, compared with other salticids. For ex- 
ample, Eurvanus recognises P. fimbriata as a 
potential predator, unlike another prey species 
Jacksonoides queenslandica. Interestingly, this 
recognition ability is not present in another 
population of Euryatíus in which P. fimbriata are 
absent. Experimental trials reveal that P. 
fimbriata attacks and captures these ‘naive’ 
spiders more frequently than spiders from the 
population that is exposed to P. fimbriata (Jack- 
son and Wilcox, 1993). Iris still not clear whether 
the two populations of Euryattus are conspecifics 
or represent two different species. The more dis- 
tantly related the two populations, the Jess likely 
that the differences in behaviour are the result of 
the presence or absence of P. fimbriata. Never- 
theless, it appears to be a fascinating example of 
how the foraging behaviour of a predator has 
apparently acted as a selection pressure influenc- 
ing the defensive behaviour of its prey- 


CremicaL Mimicry: MOTHS AND ANTS 

Spiders produce a variety of chemicals that 
function to attract conspecifics. Female spiders 
from many different familtes produce 
pheromones that attract members of the opposite 
sex (e.g. Lopez, 1987; Pollard ef al., 1987), and 
Evans and Main (1993) show experimentally that 
pheromones may be important for maintaining 
social cohesion in social spiders. Several taxa of 
spiders are capable of inter-specific chemical 
communication, of which the most familiar is the 
remarkable form of chemical mimicry by bolas 
spiders (see Stowe, 1986, 1988 for extensive 
reviews). Bolas spiders, comprising several 
genera within the Araneidae, do not construct 
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orb-webs but instead swing at their prey a bolas 
(a droplet of adhesive) attached to the end of a 
silk thread. Bolas spiders are aggressive mimics 
and prey exclusively on male moths; the spiders 
produce a chemical substance that mimics the sex 
pheromone of ils moth prey species (see Eber- 
hard, 1977, 1980; Yeargan. 1988: Stowe, 1986, 
1988; Stowe er al., 1987). The exact source of the 
prey attractant compounds is not known, but 35 
likely to be emitted from the spider (Stowe ef al., 
1987). The evolution of this specialised foraging 
technique is particularly intriguing because it in- 
volves two phases; the first comprises the produc- 
tion of moth-attracting chemicals (see also 
Horton, 1979), and the second is the adoption of 
a specialised use of silk together with the loss of 
the orb-web. Interestingly, anecdotal observa- 
Uons sugges! that the spider swings the bolas in 
response to vibratory signals generated hy the 
flying moths (Main, 1976). 


The mate location mechanism of at least seven 
families of moths are exploited by bolas spiders, 
but the range of moth prey species captured by 
each species of bolas spider varies (Stowe, 1986, 
1988; Stowe et al., 1987). Some spiders capiure 
only one species of moth, while Mastophora cor- 
nigera is capable of capturing at least nineteen 
moth species (Stowe et al., 1987). There are no 
obvious taxonomic affinities between the dif- 
ferent groups of bolas spider and their moth prey 
species (Stowe, 1986, 1988). The vanation in 
bolas spider prey-specificity is likely to be related 
to the bio-geographic distribution of potential 
moth prey, the chemical compounds produced by 
the spiders and the chemicals used as moth sex- 
attractants. Furthermore, some compounds that 
attract certain species of moth may inhibit attrac- 
lion of other moths (Stowe ef al., 1987). 


Since araneid spiders are capable of chemical 
mimicry of moths, it is not unreusonuble to expect 
that ant-mimicking spiders may be capable of 
producing chemical compounds that ‘appease’ 
ants. Many species of invertebrate myr- 
mecophiles produce chemicals that mimic ant 
communication chemicals (see Halklobler and 
Wilson, 1990). The production of these chemi- 
cals can reduce the nsk of the ants attacking the 
myrmecophiles, One group of spiders that are 
likely to be capable of chemical mimicry are 
those that live in ant nests (see Table 7). Little is 
known about these spiders, but some earlier 
reports may have mistakenly recorded them 
living in ant nests, rather than adjacent to the nest 
{sce Bristowe, 1941), Tris not clear whether these 
Spiders prey on the ant larvae within the ant nest. 
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or simply take advantage of a safe reluge. 
Whatever the reason, ttis unlikely that they could 
remain in or near ant nests without some chemical 
protection, because ants rarely tolerate foreign 
nest intruders. Porter (1985) provided qualitative 
evidence for the presence of ant recognition 
pheromones by introducing myrmecophilous 
spiders Masoncus into the nests of different 

'ogoncmyrmex ants. Masoncas were not attack- 
ed if they were re-introduced into their original 
nests, but the spiders were attacked and killed 
within minutes if they were placed in the nest of 
foreign Pogonomyrmex or other species of ants, 
It is not known whether these spiders actively 
produce the appropriate pheromones, or whether 
they simply adopt it from the substrate of the nest. 

The predatory behaviour of two Australian 
spiders may also involve chemical mimicry, The 
Australian basket-web spider Saccodomus for- 
mivorous (Thomisidae) builds a basket-like web 
that appears to attract wandering Iridomyrmex 
ants that may venture into the basket web (Mc- 
Keown, 1952). The spider also taps the ant with 
its legs, that may further mimic ant communica- 
tion, and eventually captures the unsuspecting 
ant It remains to be seco if S. formivorous webs 
capture only /ridomvemtex ants, and whether the 
ants are actively attracted to the basket-web, The 
extraordinary predatory relationship between an 
undescribed theridiid and its weaver ant 
Oecophylla smaragdina prey (see Cooper et al., 
1990) may also represent an example of the use 
of chemical mimicry. This theridiid constructs a 
web made of several strands of silk suspended 
between vegetation and additional strands that 
are anchored to the substrate below. The anchor 
part is a small white bead of silk that is very 
attractive to the ants. If the web is complete amd 
an ant bites the silk it is catapulted into the web 
above, where it is captured by the spider. The 
bead of silk is often placed near ant ‘highways’ 
and can sometimes attract the attention of many 
individual O. smaragdina that all attempt 10 bite 
the silk. 


MUTUALISTIC ASSOCIATIONS 


There are few examples of mutualistic associa- 
tions between species of spiders or even between 
spiders and other organisms, This is surprising, 
given the widespread occurrence of mutualistic 
associations in other taxa (e.g. Boucher er al, 
1932; Smith and Douglas, 1987; Holldohler and 
Wilson, 1990). but may reflect the predatory na- 
ture of spiders. Tietjen ef al. (1987) describe an 


INTER-SPECIFIC ASSOCIATIONS 


interesting example of a mutualistic association 
involving the social spiders Mallos gregalis. 
These spiders do not remove the remains of prey 
from their nest, and this debris becomes a nutrient 
base for various yeasts. The odour of these yeasts 
is apparently attractive to various flies, that settle 
on the prey carcasses and are then captured by the 
spiders. The association is likely to be mutualistic 
because the spiders provide food for the yeast and 
the yeast’s presence attracts food for the spider. 
The relationship between spiders that live in 
ants" nests and their ant hosts may also be 
mutualistic for some species. For example, 
Shepard and Gibson (1972) found myr- 
mecophilous salticid spiders of the genus 
Carinusa in 61% of 50 nests of the dolichoderine 
ant Tapinoma melanocephalum. Interestingly, 
ant nests with Cotinusa had more brood per nest, 
more workers per nest and more brood per worker 
than those nests without Cotinusa- Unfortunately, 
these differences were not examined statistically. 
and the greater numbers of ants and brood in the 
nests with Cotinusa may be due to the larger size 
of the farmer nests. Nevertheless. Shepard and 
Gibson (1972) suggest that the spider uses the ant 
nest as a foundation for the construction of its 
web, and in return provides the ants with some 
protection from predators or parasites. 


PSECHRUS AND PHILOPONELLA 

Many species of orb-weaving spiders in the 
genus Philoponella (Uloboridae) build their webs 
within the barrier webs of other araneid, theridiid, 
agelenid and psechrid spiders (Struhsaker, 1969; 
Lubin, 1986). These associations were thought to 
be commensal; Philoponella bas a place to build 
a web, but it was assumed that their presence has 
little effect on the host spider (e.g. Lubin, 1986). 

In Madang Province, Papua New Guinea a 
species of Philoponella builds webs between the 
threads of the tangle web of a large psechrid 
Psechrus argentatus. Not all Psechrus webs have 
Philoponella, but as many as 15 males and 
females can be found on a single host web. Like 
many small uloborids. Philoponella is à com- 
munal spider, with several orb-webs sharing sup- 
port threads. A theridiid Argyrodes fissifrons also 
patrols the barrier web but is never found on the 
sheet web of the host spider. The number of both 
A. fissifrons and Philoponella on a single host 
web is positively correlated with the size of the 
host. 

The relationship between P. argentatus and 
Philopanella appears to be mutualistic (Elgar, 
unpublished). The growth rate of P. argenzarus 
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was significantly reduced following experimen- 
tal removal of both A. fissifrons and Phüleponelia 
from the barrier-web. The lower growth rate 
during the ten day experimental period may rep- 
resent a potential reproductive loss of around 30 
eggs (estimated from the weights of egg masses). 
P. argentatus probably benefits by increased cap- 
ture rates as a result of the increased area of tangle 
web generated by the webs of Philoponella, in a 
way analogous to the webs of some social spiders 
(see Struhsaker, 1969: Uetz, 1988). The addition- 
al webs may increase the probability of arresting 
insects that then drop into the sheet web, without 
being caught in the orb-web of Philoponella. It 
seems unlikely that P, argeritatus benefits from 
the presence of A. fissifrons. In fact, A. fissifrons 
is more likely to have a negative effect on the hosl 
because it feeds on prey items caught in the 
barrier web and also may prey on Philoponella: 
on two occasions, A, fissifrons were seen feeding 
on Philoponella, consistent with other reports of 
the foraging behaviour of this species (see Table 
1). 


SOME CONCLUSIONS AND PROSPECTS 


The relationship between Kleptoparasitic Ar- 
gyrodes and their hosts has been extensively ex- 
amined, yet the effects of the association on the 
fitness components of either Argyrodes or its host 
are presently unquantified. Consequently, it may 
be inappropriate to call these species klep- 
toparasites because (a) they may not take prey 
that the host would otherwise feed on and (b) their 
hosts may not suffer a fitness cost. Of course. 
many other well documented host-parasite sys- 
tems similarly fail to quantify the fitness effects 
of the presumed parasite (see Toft et al., 1991). 
Nevertheless, circumstantial evidence that the 
presence of Argyrodes has influenced the hiolog y 
of at least a few host species suggests that klep- 
toparasitism is an evolutionarily dynamic 
relationship. Comparative analyses reveal inter- 
esting differences in the biology of klep- 
toparasites that do, or do not, also prey on their 
host. However, there are no obvious explanations 
for the evolution of this behaviour, 

There are interesting parallels hetween chemi- 
cal mimicry by the bolas spider and vibratory 
mimicry by the salticid Portia, both are examples 
of aggressive mimicry in which the mimic ex- 
ploits the mate-attracting mechanism of the 
model. They also illustrate the broad spectrum of 
sensory mechanisms that are exploited and the 
range of phylogenctic similarity between model 
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and mimic. The models are clearly disadvantaged 
hy the mimics, and selection is likely to favour 
mechanisms that allow the victims to distinguish 
between their conspecific mates and the spider 
predators. There is some evidence of this selec- 
tion for Euryattus, the model of Portia, but there 
are no data on the impact of bolas spiders on their 
model moth populations (but see Yeargan, 1988), 
nor is it known whether the ability of male moths 
to discriminate between conspecific female 
pheromones and bolas spider mimics has 
changed. One difference between these two 
mimicry systems is that the victims of Portia are 
female, but the victims of bolas spiders are male. 
This difference may have implications for the 
relative strength of selection in these types of 
aggressive mimicry, and the degree to which the 
model and mimic have undergone an evolution- 
ary arms race. 


Defensive mimicry of ants by spiders is 
taxonomically widespread but has received little 
experimental! attention, compared with studies of 
other invertebrate taxa (e.g. McIver, 1987), In 
almost all cases the receiver is not identified and 
the fitness cost to the ants, as a result of defensive 
mimicry by these spiders, has not been quantified. 
Nevertheless, the degree of visual mimicry in 
many spiders suggests that there has becn strong 
selection for this form of protection against 
predators. The inter-specific variation in the de- 
gree of resemblance between spider mimics and 
their ant models suggests an evolutionary process 
reflecting differences in the discriminatory 
abilities of the receivers. These differences may 
also reflect the frequency with which the spiders 
and ants co-occur, and the kind of substrate on 
which both are found. Finally, ant mimicry by 
spiders that also prey on their models begs the 
question of whether specialisation on ant prey 
followed ant mimicry, or vice-versa. 


Mutualisms inyolving spiders have received 
little attention, compared with other inter- 
specific associations. There are several explana- 
tions: the Araneae may be characterised by an 
absence of mutualisms; these mutualisms simply 
have not been detected; or non-mutualistic as- 
sociations may even have been incorrectly in- 
fered. For example, the impetus of my study of 
Psechrus, Philoponella and Argyrodes was to 
reveal the fitness costs to the host of what ap- 
peared to be a kleptoparasitic relationship. The 
correct nature of the relationship between the 
species was only revealed experimentally, and 
this is likely to be true of many other inter- 
specific associations described in this review. Bur 
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irrespective of the true nature of these relation- 
ships, inter-specific associations involving 
spiders provide a rich seam of biological systems 
that pose a variety of fascinating questions. 
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